Transparent boundary conditions for the transient Schr6dinger equation on a domain f2 can be derived explicitly under the assumption that the given potential V is constant outside of this domain. In 1D these boundary conditions are non-local in time (of memory type). For the Crank-Nicolson finite difference scheme, discrete transparent boundary conditions are derived, and the resulting scheme is proved to be unconditionally stable. A numerical example illustrates the superiority of discrete transparent boundary conditions over existing ad-hoc discretizations of the differential transparent boundary conditions.
INTRODUCTION
The formulation and implementation of physically reasonable and mathematically well-posed boundary conditions (BC) is one of the big open problems and challenges for transient simulations of semiconductor devices through quantum mechanical models. This paper is concerned with the construction and discretization of absorbing boundary conditions (ABC) for the Schr6dinger equation (SE) ihtt 2 At + V(x,t)t, x E v, t > O, v(x,0) (1.1) considerations, and they can be used as ingredients for modeling quantum contacts. When numerically solving a whole-space evolution problem, the computation has to be confined to a finite domain by introducing artificial BC's. If the initial data is supported on this finite domain D,, one can approximate lfa, the exact solution of the whole space problem restricted to D,, by solving the original problem only on D,, together with ABC's on /)if2. If this approximate solution coincides on f with the exact solution, one refers to these BC's as transparent boundary conditions (TBC).
ABC's were first derived by Engquist and Majda for hyperbolic systems by requiring that outgoing waves can leave the computational domain without being reflected back in ( [7] ). Since then, these ideas have been adapted and refined for numerous applica-tions. E.g., ABC's for the Wigner equation of quantum mechanics were obtained and analyzed in [16] , [1 ] , and they were used for transient simulations of resonant tunneling devices in 10].
The recent interest in finding reasonable BC's for the SE was mostly prompted by applications from outside of quantum mechanics. We remark that a Schr6dinger-type equation naturally appears as a small-angle approximation to the Helrnholtz equation in cylindrical coordinates. There, the radial variable r plays the role of the time in (1.1), and the axial variable z the role of the spatial variable x. In optical applications this model is referred to as the Fresnel equation ([17] ), and in underwater acoustics it is called the parabolic equation ([ 15] ).
In previous simulations, several heuristic BC's were introduced for the SE, and they yield reasonable results for either short time calculations or a limited frequency range. These existing strategies include the introduction of an artificial absorption or attenuation layer close to the boundary, which can also be interpreted as adding a complex potential in (1.1) (see 11 ] , 19], [20] ). In another approach, the wave function is fitted to a plane wave close to the boundary ( [8] , [20] In this Section we will first derive the TBC's for the 2D Schr6dinger equation on the slab f2 {(x,y) 210 < x < L }. We assume that the initial data xr is supported in g2, and that the given potential is constant outside: V(x,y,t) 0 for x < O, V(x,y,t) V/ for x > L.
We first cut the original whole space problem ( [6] .
To derive the discrete TBC we will now mimic the derivation from 2 on a discrete level, and we will again only consider the lbft BC. The idea is to explicitly solve the discrete exterior problems. The Z-trans- It can also be shown that (3.8) is a consistent discretization of the differential BC's (2.7), (2.8). The details of the numerical analysis will be presented in [2] . (4.5)
At the left boundary x--0 they satisfy the inhomogeneous TBC (4.1) with tk,in(t exp --t (4.6) and at the right boundary the homogeneous TBC (.8).
The total particle density associated with the state 191 + 02 is n(x,t) .jr jlVj(x,t)l z + g(k)l(x,t)ldk, 0 < x < L. (4.7)
In a self-consistent model, the potential V(x,t) would then be obtained from the Poisson equation:
Vxx--n, 0<x<L, (4.8) V(0,/) -0, V(L,t) V+.
We remark that the scattering model of [5] is the steady state analogue of the above model (4.2)-(4.8).
The presented model was obtained in collaboration with N. Ben Abdallah, and a mathematical analysis of this model will be given in [3] .
